bear anti-idiotypic receptors. Ceils mediating delayed-type hypersensitivity have been shown to bear idiotypes on their receptors (15) . Thus, nearly all compartments of the immune system have been shown to bear idiotypic or anti-idiotypic receptors. Therefore, all compartments should be subject to idiotype network immunoregulatory interactions.
Despite the large number of model systems that have been studied to gain insight into network immunoregulation, reports of naturally induced anti-idiotype mediated regulation of immune reactions are sparse. Tasiaux et al. (16) and Jackson and Mestecky (17) reported the appearance of cells bearing auto-anti-idiotypic (AAI) receptors after immunization. Naturally induced regulation has been shown in the T-15 system (18, 19) , in an alloantigen system in rats (20, 21) , in the levan (22) and trinitrophenyl systems (10, 23, 24) in BALB/c mice, the trinitrophenyl-Ficoll system (25) (26) (27) , a delayed hypersensitivity response (15) , in a dextran system (28) , and in humans (29) . Brown and Rodkey (30) described a rabbit that synthesized idiotypes and then synthesized naturally induced AAI antibodies in alternate rounds of immunization. The production of anti-idiotype was related to the disappearance of specific antibody clonotypes.
This study was designed to determine the frequency with which natural AAI antibodies are found in rabbits after immunization. A further goal was to determine whether any similarities in antibody idiotypes could be detected in outbred, yet related, individuals.
Materials and Methods
Rabbits. Outbred New Zealand White rabbits obtained from commercial suppliers and our own rabbit colony were used, Immunization Protocol. Rabbits were immunized according to Osterland et al. (31) and Strosberg et al. (32) with a vaccine prepared by suspending whole washed Micrococcus lysodeikticus cells (Worthington Biochemical Corp., Freehold, N J) in normal saline. Each round of immunization lasted 3 wk and consisted of three intravenous injections of 3 mg (dry weight) microeoccus the 1st wk, three intravenous injections of 4 mg the 2nd wk, and three intravenous injections of 5 mg the 3rd wk. Successive rounds of immunization were alternated with rest periods.
Micrococcal Cell Wall Carbohydrate Immunoadsorbent. A micrococcal cell wall carbohydrate immunoadsorbent column was prepared by coupling soluble micrococcal cell wall polysaccharide to Sepharose 4B (Pharmacia Fine Chemicals, Div. of Pharmacia, Inc., Piscataway, N J) as described previously (30) . Briefly, cells were broken to make cell walls and were solubilized by a limited lysozyme treatment. The soluble fraction was coupled to Sepharose by cyanogen bromide treatment.
Purification of Antimicrococcal Carbohydrate Antibody. Antimicrococcal carbohydrate antibody was purified according to a modification of Wikler's procedure (33) . Micrococcal antiserum was added to the Sepharose 4B micrococcal carbohydrate column, and unbound protein was washed through with 0.02 M phosphate-buffered saline, pH 7.5. Antibody was eluted with 0.2 M acetic acid.
Preparation of F(ab')2 Fragments. F(ab')2 fragments were isolated from peptic digests (34) of specifically purified antibodies or of chromatographically purified IgG.
Iodination of F(ab')2 Fragments. F(ab')z fragments were iodinated by the IC! method of McFarlane (35) , adjusted to yield an incorporation level of approximately two atoms of iodine per F(ab')2 fragment. Radioimmunoassay. A previously described, but modified, indirect radioimmunoassay (RIA) method (30) was used to detect AAI antibodies present in rabbit antisera. 10-/~1 samples of antiserum were mixed with 5 ng of labeled anti-micrococcal F(ab')2 fragments, incubated, and goat anti-rabbit Fc7 serum was added to precipitate complexes. Supernatants and precipitates were assayed for radioactivity. Percentages of radioactivity precipitated were calculated after correcting for (a) background radioactivity, (b) trichloroacetic acid precipitability of the iodinated F(ab')2 fragments, and (c) precipitate trapping of radioactivity. In inhibition experiments, antisera were mixed with aliquots of unlabeled F(ab')2 fragments and incubated. After incubation, 5 ng of labeled anti-mierococcal F(ab')2 fragments were added, followed by goat anti-rabbit FCT serum. Inhibition was calculated relative to counts precipitated in uninhibited controls.
Results
Naturally Induced Auto-Anti-Idiotypic Antibody Responses. The rabbits used in this study and their geneologic relationships to one another are shown in Fig. 1 . Rabbit 102 was bred with four different females (7-7, 61-7, 63-7, and 64-7), and 10 offspring were raised. Father-daughter matings were set up by breeding 102 with daughters 89-7 and 94-7, and 8 offspring were raised. Rabbit 102 and each of his 18 offspring were immunized by injecting with 2-6 rounds of M. lysodeikticus vaccine. Specifically purified antimicrococcal carbohydrate antibodies from the peak of each round of response were isolated, pepsin digested, and radiolabeled. RIA assays were set up using individual bleedings taken after the peak of the antimicrococcal response to assay for the presence of AAI antibodies in each rabbit. Naturally induced AAI antibodies were detected in one rabbit during round two of immunization, but the AAI antibodies usually were found after three or four rounds of immunization. The natural AAI responses were detected 2-4 wk after the peak of the antimicrococcal response, and frequently they persisted even into later rounds of immunization, even though they were undetectable during the subsequent peak responses to M. lysodeikticus.
As shown in Fig. 1 , 42% (8/19) of the rabbits studied exhibited naturally induced AAI responses. The anti-idiotypic specificity of each AAI-positive serum was confirmed by using extensive controls consisting of RIA tests of these sera vs. (a) labeled F(ab')2 from pooled normal rabbit IgG, (b) labeled F(ab')2 prepared from normal serum of a rabbit with the same allotype as the mother of the responding rabbit, (c) labeled F(ab')2 prepared from specifically purified antimicrococcal antibodies of rabbits unrelated to this family, and (d) labeled F(ab')2 prepared from specifically purified antimicrococcal antibodies of rabbits in this family that showed no natural AAI responses (rabbits 142 -7, 143-7, 88-7, 97-7, 90-7, 80-32, 80-33, 80-34, 80-35, 80-36, and 80-37) . Rabbit 94-7 had both naturally induced AAI and pepsin agglutinator (36) . Because of complications in interpreting data caused by the pepsin agglutinator activity, that rabbit was removed from the AAI study and used for breeding.
Characterization of Naturally Induced AAI Responses. Once we had clearly established the idiotypic nature of the AAI reactions (identified in Fig. 1 ), assays were designed to optimize each autologous idiotype-AAI reaction by titration of AAI to a plateau level and to test for cross-reactivity of each natural AAI serum with labeled F(ab')2 fragments of antimicrococcal antibodies of the other offspring (from Fig. 1 ). Data are shown only for F(ab')2 preparations yielding positive results. The results of these assays for cross-reactivity are summarized in Table I . The data show that each rabbit responded to only a fraction of the total autologous antimicrococcal antibody population that was elicited (11-41%), and the percentage of autologous idiotype that was recognized by naturally induced AAI antibodies varied substantially from individual to individual. Further, substantial cross-reactivity was observed when naturally induced AAI sera were assayed vs. labeled antimicrococcal F(ab')2 from the other FIo. h Pedigree of the rabbits used in this study. AAI (+) and AAI (-) indicate that auto-antiidiotypic antibodies were (+) or were not (-) detected in that individual after antimicrococcal antibodies had been elicited. 
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* Numbers indicate percentage of each labeled antimicrococcal F(ab')~ that was bound by each natural AAI antiserum. Autologous reactions are in italics.
rabbits in the family that made natural AAI. In several instances, the cross-reactions were quantitatively higher than were the autologous reactions. There was no crossreaction of those sera when assayed by using labeled F(ab')2 fragments of antimicrococcal antibodies from the AAI-negative rabbits (Fig. 1) . Thus, the AAI-negative individuals in the family did not express the idiotypes that were expressed in all the AAI-positive offspring in the family. Those reactions were characterized for hapten inhibition properties by setting up each reaction in the presence of 5% glucose plus 0.5 M NaC1 (33) or in the presence of the purified micrococcal carbohydrate antigen. Neither method successfully inhibited the reactions.
Cross-Reactivity of Naturally InducedAAIAntisera. With some exceptions, the idiotypes observed in individual outbred animals are individually unique. Further, because some of the cross-reactions in Table I gave quantitatively higher results than the autologous reactions, it was of interest to determine whether any of those reactions was heteroclitic. The reactions were examined by measuring the ability of unlabeled F(ab')z fragments to inhibit reactions between naturally induced AAI antiserum and autologous antimicrococcal F(ab')2 fragments. The quantities of F(ab')2 fragments used to inhibit a standard reaction between labeled idiotype and anti-idiotype were adjusted to contain the same amount of idiotype. For example, if the labeled F(ab')2 of rabbit A reacted with AAI from rabbit C after titration to the extent of 20% and the labeled F(ab')2 of rabbit B reacted with AAI from rabbit C to the extent of 40% after titration, then the amount of unlabeled F(ab')2 used from rabbit A would be twice the quantity used from rabbit B to inhibit the reaction of labeled F(ab')2 from rabbit C with the AAI from rabbit C. The results of inhibition assays in which unlabeled F(ab')2 fragments of antimicrococcal antibodies from rabbits 89-7, 91-7, and 95-7 were used to inhibit each autologous idiotype-AAI reaction are shown in Fig. 2 . Fig. 2A shows that the autologous 89-7 idiotype-AAI reaction was inhibited equally well with fragments from 89-7, 91-7, and 95-7 and that the reaction was inhibited completely. As seen in Fig. 2 B, the unlabeled fragments from 91-7 and 95-7 were nearly equivalent to unlabeled 91-7 fragments in inhibiting the 91-7 reaction by >90%; fragments of 89-7 inhibited by >60%. Fig. 2 C shows that the autologous 95-7 idiotype-AAI reaction was inhibited the same with unlabeled fragments from either 95-7 or 91-7, with both inhibiting the reaction totally. Inhibition by 89-7 fragments was nearly complete. These inhibition assays show that the naturally induced AAI antisera from 89-7, 91-7, and 95-7 recognized idiotopes that were present on the antimicrococcal antibody populations in each of these rabbits. The sets of idiotopes recognized by all three naturally induced AAI antisera overlapped substantially, as shown in Fig. 2 A and 2 B, or were identical, as shown in Fig. 2 C. These cross-reactions were examined further by determining the ability of unlabeled F(ab')2 fragments to inhibit the cross-reactions between naturally induced AAI antiserum and labeled F(ab')2 fragments from a different rabbit. Fig. 3A and 3B show the result of assays in which unlabeled F(ab')2 fragments from rabbits 89-7, 91-7, and 95-7 were used to inhibit a reaction between 89-7 AAI antiserum and labeled F(ab')z fragments from 91-7 (Fig. 3A) and 95-7 (Fig. 3B) . In both assays, inhibition curves for each of the three inhibitors were identical. Fig. 3 C and 3 D show inhibition of the cross-reaction between the naturally induced AAI antiserum from 91-7 and labeled F(ab')2 fragments from 89-7 (Fig. 3C ) and 95-7 (Fig. 3D) . Once again, identical inhibition curves were generated, and each F(ab')2 preparation inhibited the cross-reaction completely. Fig. 3E) and 91-7 (Fig. 3F ) by unlabeled F(ab')~ fragments from 89-7, 91-7, and 95-7. Here again, the cross-reactions were inhibited in a quantitatively identical way, and the cross-reactions were inhibited completely. Both autologous and cross-reaction standard assays were used for inhibition experiments with several other combinations of reagents listed in Table I (data not shown), and the results were always the same: identical inhibition curves and reactions that were inhibited completely.
FIG. 3. RIA inhibition assays in which isologous AAI antiserum and labeled F(ab')2 fragments of antimicrococcal antibodies were used from each of three offspring. Each standard reaction (indicated in each headline) was inhibited with unlabeled antimicrococcal F(ab')2 fragments of 89-7 ( ), 91-7 (---), and 95-7 ( .... ). A, 89-7 AAI vs. 91-7 [12nIlanti-CHO F(ab')a; B, 89-7 AAI vs. 95-7 [125I]anti-CHO F(ab')~; C, 91-7 AAI vs. 89-7 [125I]anti-CHO F(ab')2; D, 91-7 AAI vs. 95-7 [IzSI]anti-CHO F(ab')z; E, 95-7 AAI vs. 89-7 ['2~I]anti-CHO F(ab')z; F, 95-7 AAI vs. 91-7 [12~I]anti-CHO F(ab')z. labeled F(ab')2 fragments of 89-7 (
The specificities of the naturally induced AAI responses of rabbits 80-38 and 80-44 were examined closely because they were AAI-positive responders from a father- It is evident that all three inhibitors inhibited the reaction in a nearly equivalent way and that the reaction was inhibited totally, showing that both groups of offspring shared the same set of antimicrococcal idiotopes that elicited AAI antibodies in each individual.
The Cross-Reactive Idiotopes Are of Paternal Origin. The apparent identity of the idiotopes recognized by the natural AAI antisera in each of several offspring of rabbit 102, when bred with unrelated females and with one daughter, led us to postulate that these idiotopes could have been present in the antimicrococcal antibodies of 102. Anti-micrococcal antibodies were purified from third-round antimicrococcal antiserum from rabbit 102, and F(ab')2 fragments were made. Some of these fragments were labeled and were assayed with fourth-round AAI serum from 102 and with AAI serum from all AAI-positive offspring (Table I) . Equivalent quantities of unlabeled F(ab')2 from 102 and from 91-7 were used to inhibit the reaction between 91-7 AAI and labeled 91-7 F(ab')2. The results (Fig. 6) clearly showed that the autologous 91-7 reaction was inhibited equally by 91-7 and 102 F(ab')2, and the inhibition was complete in both cases.
Discussion
A central feature of the idiotype network theories proposed by Jerne (7) and Hoffman (37) is that immune responses may be regulated within the animal that mounts an immune response by another immune response specific for idiotopes on the antibodies elicited originally and that this system must function naturally. In numerous papers (10, 15, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , it is suggested that AAI antibodies can appear spontaneously after an immune response and can act to regulate the original response. However, the question of the frequency of that type of regulatory response in the normal outbred animal has been largely ignored. In several attempts to study that problem in our laboratory, we consistently failed to detect naturally induced AAI antibodies. We were only successful when we used a labeling method for the antimicrococcal F(ab')2 that did not have reducing agents in the protocol. The idiotopes that were recognized by the natural AAI antibodies in this study were destroyed by ultra-low concentrations of reducing agents. This is documented and 1 discussed in a separate paper.
The experiments in this paper originally were designed to determine what fraction of outbred individuals would show a naturally induced AAI response during routine immunization. The data in Fig. 1 show that 42% of the rabbits we surveyed mounted an AAI response that was detectable with the assay method we used. The percentage of responders could have been >42% because our assay method would detect only IgG AAI antibodies. Possibly some of the animals could have mounted an IgM AAI response that would have gone undetected by our assay, and possibly the animals that did respond inherited an appropriate set of Ir genes, whereas the non-AAI responders were unable to mount a response with the AAI-inducing idiotype because of a lack of proper Ir genes (6) . That could be so because inhibition assays showed that the antimicrococcal antibodies from the rabbits lacking AAI responses did not contain the AAI-inducing idiotypes. Additionally, we could argue that regulatory responses in the AAI-negative animals might have been accomplished by suppressor T cells specific for idiotype (10, 38) . Thus, we conclude from this study that the percentage of normal outbred animals that can mount AAI responses is significant and that idiotype network regulation may be a common feature of immune responses in outbred animals.
The data presented here show that the set of idiotopes that induced the AAI responses appeared to be identical in each individual. Moreover, the idiotopes or the genetic ability to express the idiotopes appeared to be inherited from the father. Quantitation by titration of the idiotope content of the unlabeled inhibitors used ensured that fair comparisons of inhibitory capacity were made in each assay. Thus, the idiotypes that were expressed in the AAI-positive animals were the same idiotypes and were expressed at different quantitative levels. No evidence for heteroclicity was found.
One aspect of network theories that has not been discussed in detail is whether all antibody idiotopes are equally capable of eliciting AAI responses as well as antiidiotype responses in isologous, heterologous, or xenogeneic individuals. That is a difficult problem experimentally because the triggering threshold concentrations of idiotype may be different for different idiotopes. This study revealed a direct relationship between the presence of the cross-reactive idiotopes and the presence of a subsequent AAI response, with variations in the levels of the cross-reactive idiotypes from 11.2-41.6% of the total antimicrococcal antibodies in the individuals. That possibly means only that 11.2% concentration of this group of idiotopes was sufficient to trigger AAI synthesis. Alternatively, one might argue that the inheritance of the idiotype genes also ensured inheritance of the proper AAI genes.
The nonhapten inhibitability of the cross-reactive idiotypes reported here suggests strongly that the idiotypes of the antimicrococcal antibodies were true idiotypes recognized by the naturally induced AAI. Recently, Jerne et al. (39) proposed that two kinds of molecules could behave as anti-idiotypes. One molecule is the classic anti-idiotype antibody that has a paratope that binds an idiotope on the first antibody (Abl). This reaction may or may not be hapten-inhibitable, depending upon the proximity of the idiotope to the paratope. The second reaction is due to Abl inducing the production of antibodies by a large set of B cells that have receptors bearing an internal image of the original epitope that elicited Abl. This reaction should be hapten inhibitable. In that none of the cross-reactions reported here were hapten inhibitable, we seemed to be dealing with a true system of idiotype-natural AAI reactions. The idiotypic nature of these reactions was further documented here by using extensive controls. Fragments of antigen bound to free antibodies or to B cell receptors can interact with antibodies from other individuals specific for that antigen, and they appear to be anti-idiotypic. That was not the case in these experiments because antimicrococcal antibodies from only 42% of the offspring reacted with each naturally induced AAI. Natural anti-allotype antibodies specific for a noninherited maternal allotype (38, 40) could have bound purified antibodies with that allotype in antibodies from a second individual and appeared to be anti-idiotypic antibodies. That was controlled in these experiments by using controls of labeled F(ab')2 fragments made for normal IgG isolated from maternal sera or of the same allotype as the mother. Another allotype-related problem that was controlled was the problem of latent allotypes. Antibodies of unexpected allotypes can be elicited by immunization (32) , and these can elicit autologous anti-allotype antibodies that will bind to labeled antibodies from other individuals with that allotype. That was controlled in this study by assaying for allotype content of the F(ab')2 fragments. Finally, the use of F(ab')2 fragments in these experiments ruled out any complications that could be caused by the presence of rheumatoid factor of either the IgG or the IgM class in the antisera.
We conclude that the data are consistent with an interpretation that idiotype network-mediated regulation is a common feature of immune responses and that the idiotypes that naturally function to induce these immunoregulatory AAI antibodies may have a germ line basis or may be Ir gene controlled.
Summary
Naturally induced auto-anti-idiotypic (AAI) antibody responses specific for antimicrococcal antibody idiotypes were detected in 42% of the rabbits in a family immunized with Micrococcus lysodeikticus. The natural AAI response of each rabbit recognized only a portion (11-41%) of that individual's total antimicrococcal antibody population. Cross-reactions of idiotypes were observed within the group of rabbits exhibiting natural AAI responses. Examination of the basis for the cross-reactions showed that the natural AAI antisera recognized identical idiotopes on the antimicrococcal F(ab')2 fragments from each rabbit that made an AAI response. The crossreactive idiotopes were shown to be of paternal origin and were found in the antimicrococcal antibodies of each offspring that: synthesized AAI but not in antimicrococcal antibodies of AAI-negative offspring. The data strongly support the idiotypic network concept that naturally induced AAI responses may occur routinely in outbred normal individuals as a result of antigenic stimulation. Further, the data suggest that the induction of regulatory AAI antibody responses in outbred rabbits may depend on the expression of particular germ line idiotopes.
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